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PREFACE

Ihe work covered by this report was performed by Troy Nichols and was re-
viewed by Martha L. Adams under the supervision of Fmil J. York. Claef. Matenial
The effort constitutes a part of the Army Materials and

Technology 1aboratory.
Mechanies Research Center's program to provide better procedures in chemical testing
techniques to increase inspection efficiency  lor material;matericl procured by the
US Anny Materiel Development & Readiness Command.
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PRy

DETERMINATION OF VOLATILE ORGANIC CONTENT

IN WATER-BASED PAINITS BY GAS-LIQUID CHROMATOGRAPHY

LINTRODUCTION

1. Sabject. Hhe object of this immvestgation wis (o develop a method for the
determmation of the volatile organie content (VOO of water-based paints being
Formukited to contorm to mr-pollution legisfution.

2. Background. Anualvucal methods tor determmation of VOC! in protectne
coatings have received signiticantty increased emphasis since the enactment ot perti-
nent ar-polivtion repubitions  Recent approaches to the determination of VOO lunve
utihized botr yravimetric and vas-liquid chromatographic methods. One approach®
determines total volatdes o o gravimetric weight foss at an elevated temperature,
VOC s then calealated as the difference between the weight Toss and the water con-
tent as determined by Kard Fischer titration or by pashiquid chromatography eglo),

However, for purposes of gquahity control for Mihitary protective caatings,
an s treal method s essented for not only the determination of the total volatile

oreatios but abo the wdentity and the concentration of cach component i the total

The methods previoashy developed and proven satistactory tor the deter-
nanation of volatde orvames i sobvent-based paants, now being replaced, were tound
unsatisfactory for water-ased paints, partially because ot the increased complesity

abvehicles solvent and proment separations,

Phe cav-hiquid chromatoerapine method tor volatle organic content pre-
~ented here determmes volanle oreanics mdependenthy ol water content and s salis-
Lectory dor deternnmme orzanie solvent components o water based paints used tor
Miliary apphication. Unlike provioushy ased procedures, this one requires no distitla-

tion pror to mpechon mto the vas-higund chiromatograph
I DETATS O 1S
3. Gas-Ligquid Chromatographic Column. Prepare a o-foot v | Sanch stam

loss stecdh cotumn pac Ked with chromosorh 101 30-100 mesh. Condition the column

AU 2700 Coror Fhours wathe carvier Chelomy Hose of 30 mlhiliters per mmute

[ . w .
G vores Sacaery tarConres Dcohinadeey bechnmee ad Cornmttee, 7 ot Coatenes ol doey [ ST R B

ANEAL S b P s ten Do e Vobande Ocanne Cantent of Pamts and Rolated Coanmes. jo by put

faicsre o -




4. Sample Preparation. Accurately weight approximately 0.2 gram ot the resin

- ar tormulated paint mto a 3-inch by 3/8-nch test tube containing two drops of a pre-
selected disperstig solvent such as NN dimethylormamide, n-decanot. or water.

Add 003 g, accurately weighed, of uosuitable internal standard such as n-butyt

alcohol or T4 butinediol  Add 4 drops of the dispersing solvent and mix thoroughty

on aovortexsaction shaker, Without centrifuging or tiltering. myect 2 nucroliters of

the dispersed muaterial into the sav-hgquid chiromatoeraph and opetate as desernibed

m paragraph 3

S Chromatographic Conditions,  Program the instrument o that the it
column temperatare is 13070 with an mmmediate incerease of 37 per nounute o 2007C
the volumn temperature as then held constant for 20 munutes, U se o thermal con-
ductivity detector temperature of 3007C, injection port temperature of 220°C, and
carrier thehunn low rate of 30 mitiliters per minute.

6. Calcubrtions Concentration Oy of o solvent component is calculated as
\ W
\ IS .
(SN —— N\ NN g
\I\ W >
W ]I\ e
A B Hhe peakoarea of the solvent component.
Ao the peak area of the mternal standird.
W, oo the weehit of the internal standard,

W the waeht of the resin or pant.
I s i predetermined correction factor.

HE DISCUSSION

7. Results, The sareening of chromatoeraphic columns mdicated Chromosorb
(U1 to be one of the more suitable column packmes trom the severely fimited number
of stationary phases that are not degraded by the water present in the tormubitions
oF anterest s colamm, selected Tor dins study o oxhibits o retention time of ess

than 30 nnates 1o most solvents encountered here and requires only mild und infre-

2tk

queat recondibiomny
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Table 1 shows retention times on the Chromosorb 101 column of the sol-
.L vents which can be used in water-based coatings. Retention times of some dispersants
are also shown.  Water is eluted very carly, about 0.4 minute. and generally causes
; no difficulty in peak arca calculations for the organic solvents.
¥
Table 1. Retention Times of Solvents and Dispersing Agents
Solvent or Dispersing Agent Retention Time cming
Water 0.4
Methanol 0.0
[sopropanol 1.2
Ithylene glycol monomethyl ether 3.0
n-Butyl alcohol 3.5
Benzene 3.9
tthylene glycol 4.5
2-Nitropropane 4.0
tthylene glycol monocethyl ether 4.9
Propylene glycol 5.0
Toluene 6.7
NN Dimethyltormanmide (dispersing agent) 7.5
Propoxy propanol 9.0
Ethyvlbenzene 9.6
Xylenes 96,98, 11.8
Dimethysultoxide (dispersing agent)y 10.8 !
I-thylene glycol monoethyl ether acetate 11.0
Ithylene glycol monobutyl ether 124
.4 Butaiw:tioi 15.2
Lsopropylibenzene 13.4 :
Dicthylene glyeol 148 ¥
n-Heptanol 5.5
n-Butylbenzene 194
n-Octanol (dispersing agent) 21.0

n-Decanol (dispersing agent) 356




Fhe method was demonstrated on as broad a range as possibie of the cur-
rently avalable resins and water-based paints. Normatly the supplier of' the resin
or pamt used in this study gave insufficient data to evaluate the method tor reliability
Fheretore. to determine the capability of the method. the value obtained tor percent
of volatide organiv content was compared to the value obtained by subtracting the
percent water content by ASTM method D37920 from the pereent weight loss at
105°C for 1 hour. Theoretically. the two values shoutd be equal.

In the present method. neither a single internal standard nor a single sol-
vent for dispersion prior to injection into the gas-hquid  chromatograph could be
adopted for all materials tested. Figures 1 through 4 illustrate the application of
the method.

Figure s the chromatogram of a commercially supplied dispersion of an
aliphatic urethane resin. The material was satistactorily diluted with water to facili-
tate injection into the gas-hiquid chromatograph. The chromatogram for this resin
dispersion mdicates the presence of one original solvent, but its identity is unknown:
its retention time matches none of those determined (Table 1), Assuming a correction
factor of one, the total volatile organic content was found to be 19.8 percent.

Phe acrvlic resin emulsion represented in the chromatogram of Figure 2
was dispersed in o water prior to injection into the chromatograph.,  The major solvent
peak has the same retention time as ethylene glycol monobuty) ether. The peak
near 33 minutes represents an unknown volatile organic. The total VOC for this
water-based paint was cateulated to be 16.8 pereent.

The chromatogram m Figure 3 s the analysis ot an acrvlic modificd alky d
resin dispersed i n-decunol for chiromatograph injection. The major organic solvent
was found to be ethylene glycol monobutyl ether. Total VOO was determined to be
23.3 pereent.

figure 4 shows the analysis of g water dispersion of a latex, alkd-resin
paint. Ethylene glycol is present as the major organic solvent. Total VOC was found

to be 2.0 pereent.

The results of this investigation are summarized in Table 20 The description

in column 2 was supplied by the manutacturer.,
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Figure 1. Analysis of a dispersion of an aliphatic urethane resin.
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Figure 2. Analysis of an acryhe resin emulsion.
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Awuting the methods for water deternunation, total volatiles. and VOC
by ele are valid, the numencal dgterence hetween the results of the first two methods
should be equal to the value obtained by the third method. That is, corresponding
vatties i the last two columns of table 2 should be cqual. xanunation of Table 2
shows it VOC determined by difterence between total volaples and woatet content
aerees well waith the VOO deternnnation by vle with the exception of two matenals,
Number o Component 1and Number 4 do not show aereement between the two
methods  The cause of the diserepaney is not known Posstbalities tor the disagree

i} ment inclade tesing deeradation tor the wle method or chemical reaction e the totad

volatiles Jeternmnation

In the instanves where VOU value was e ddose aerecimient between the

fuwo acthods validation or the gle method was assumed, Where the resufts ot the

3 o ethods disagreed, it was generallyv ditficatt tooarmne ol any himme conclusion
reeatdine capalihity o the VOO by ele method because of the iited mtormation

S the proprictany nuternals

IV CONCT USTONS

S Conclusions. T condluded that
Ea
; g v oeasnpund Chroststortaphie o thod tor the doternination ol voly
. Ble oreanie vontent was demonstraied totawates Baod paisits
" Fhe aocthod s abso aephooble toorhe deternunation of VOC e paint
tosins cnb e dispersions
' Hhe resalts ot this anestiegtion support the recommendation that
e ol be ncotporated mto the Military Standards Pant Testing Handbook
s e devedeped
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